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CONTINUOUS, NON-AGGLOMERATED 
ADHESION OF A SEED LAYER TO A 

BARRIER LAYER 

This application claims the benefit of provisional appli 
cation Ser. No. 60/143,363 filed Jul. 12, 1999. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a metallization proceSS 

for manufacturing Semiconductor devices. More 
particularly, the invention relates to a method for adhering 
metal layers to barrier layers. 

2. Background of the Related Art 
Consistent and fairly predictable improvement in inte 

grated circuit design and fabrication has been observed in 
the last decade. One key to Successful improvements is the 
multilevel interconnect technology, which provides the con 
ductive paths between the devices of an integrated circuit 
(IC) device. The shrinking dimensions of features, presently 
in the Sub-quarter micron and Smaller range, Such as hori 
Zontal interconnects (typically referred to as lines) and 
vertical interconnects (typically referred to as contacts or 
Vias) in very large Scale integration (VLSI) and ultra large 
Scale integration (ULSI) technology, has increased the 
importance of metal layer deposition and post deposition 
treatment techniques of metal layers. 

The multilevel interconnects that lie at the heart of ultra 
large Scale integration (ULSI) technology require planariza 
tion of interconnect features formed in high aspect ratio 
apertures, including the horizontal and Vertical 
interconnects, and other features. Reliable formation of 
these interconnects and features is very important to the 
Success of ULSI and to the continued effort to increase 
circuit density and quality on individual Substrates and die. 
AS circuit densities increase, the widths of the instruments 
and other features, as well as the dielectric materials 
between them, decrease to less than 0.25 um, whereas the 
thickness of the dielectric layerS remains Substantially 
constant, with the result that the aspect ratioS for the 
features, ie., their height divided by width, increases. 
Many traditional deposition processes, Such as physical 

vapor deposition (PVD) and chemical vapor deposition 
(CVD), have difficulty filling structures where the aspect 
ratio exceed 4:1, and particularly where it exceeds 10:1. 
Therefore, there is a great amount of ongoing effort being 
directed at the formation of Void-free, nanometer-sized 
features having high aspect ratioS wherein the ratio of 
feature height to feature width can be 4:1 or higher. 
Additionally, as the feature widths decrease, the device 
current remains constant or increases, which results in an 
increased current density in the feature. 

Copper and its alloys are now being considered as an 
interconnect material in place of aluminum, because copper 
has a lower resistivity (1.7 u2-cm compared to 3.1 uS2-cm 
for aluminum), higher electromigration resistance, and 
higher current carrying capacity. These characteristics are 
important for Supporting the higher current densities expe 
rienced at high levels of integration and increase device 
Speed. Additionally, copper also has good thermal conduc 
tivity and is available in a highly pure form. Therefore, 
copper is becoming a choice metal for filling Sub-quarter 
micron, high aspect ratio interconnect features on Semicon 
ductor Substrates. 

Despite the desirability of using copper for Semiconductor 
device fabrication, choices of fabrication methods for depos 
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2 
iting copper into very high aspect ratio features (e.g. =4:1 
aspect or 0.25u or less size) are limited. In the past, chemical 
vapor deposition (CVD) and physical vapor deposition 
(PVD) techniques were the preferred processes for depos 
iting electrically conductive material, typically aluminum, 
into the contacts, Vias, lines, or other features formed on the 
Substrate. However, for copper applications, precursors for 
CVD copper processes are still being developed, and PVD 
copper deposition into high aspect ratio features has pro 
duced unsatisfactory results because of Voids formed in the 
features. For instance, PVD copper tends to bridge the 
opening to Small features resulting in non-conformal large 
deposits on the Substrate which typically includes voids in 
the Vias and interconnects. As a result of the process 
limitations of CVD and PVD techniques, electroplating, 
which had previously been limited to the circuit board 
fabrication, is being used to fill Vias and contacts on Semi 
conductor devices. Thus, efforts are being explored to 
improve electroplating and other Similar processes for use in 
Substrate manufacturing especially in applications with high 
aspect ratio features. 

Metal electroplating is generally known and can be 
achieved by a variety of techniques. A typical copper elec 
troplating deposition method generally comprises physical 
Vapor depositing a barrier layer over the Surface of a 
Substrate having various features formed thereon, chemical 
Vapor depositing or physical vapor depositing a conductive 
metal Seed layer, preferably copper, over the barrier layer, 
and then electroplating a conductive metal layer over the 
seed layer to fill the structure/feature. 

Copper Seed layers are preferably deposited by chemical 
vapor deposition (CVD) techniques rather than being depos 
ited by physical vapor deposition (PVD) techniques. 
Although PVD techniques are relatively inexpensive and 
can provide conformal coverage over a field (the upper or 
outer most Surface of the Substrate), however, these same 
techniques are not well Suited for covering the Sidewalls, 
particularly the top corner of the Sidewalls, and floor Sur 
faces of high aspect ratio interconnects and other features. 
This less than desirable coverage results in low resistance to 
chemical attack and to inter-layer metal diffusion. In 
contrast, CVD deposited films can provide excellent cover 
age of Sidewalls and maintain a high degree of conformity 
to the lower Surface of high aspect ratio Structures. 
One problem with the use of copper is that copper diffuses 

into Silicon dioxide, Silicon and other dielectric materials. 
Therefore, conformal barrier layers become increasingly 
important to prevent copper from diffusing into the dielectric 
and compromising the integrity of the device. However, due 
to reliability issueS of electromigration resistance and Void 
formation, adhesion between copper and the underlying 
barrier layer is a major concern in proposed multilevel 
metallization Schemes. With typical copper barrier layers 
now available, CVD copper has less than desirable adhesion 
to the barrier layers and has a tendency to delaminate from 
the Sidewalls which leads to agglomeration of the copper 
layer and formation of Voids in the high aspect ratio inter 
COnnectS. 

Therefore there remains a need to develop a metallization 
process with improved adhesion between barrier layers and 
Subsequently deposited metal layers. Ideally, the improved 
adhesion method should promote adhesion between refrac 
tory metals used as barrier materials and conducting metals, 
Such as copper, used in filling high aspect ratio features. 

SUMMARY OF THE INVENTION 

The invention generally provides a method of improving 
adhesion of metal layerS deposited using chemical vapor 
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deposition or electrochemical deposition techniques to bar 
rier layers. In one aspect of the invention, the deposition 
proceSS comprises depositing an adhesion layer on a barrier 
layer formed on the Substrate and depositing a metal Seed 
layer on the adhesion layer. The adhesion layer is deposited 
under conditions, Such as reduced Substrate temperature, or 
increased pressure, that minimize agglomeration and form a 
continuous layer for Subsequent Void-free filling of features, 
Such as interconnects, on the Substrate. 

Preferably the adhesion layer comprises copper, platinum, 
gold, molybdenum, tungsten, nickel, and combinations 
thereof, deposited by physical vapor deposition at a pressure 
between about 10 mTorr and about 60 mTorr on a Substrate 
maintained at a temperature below about 300° C. Deposition 
of the adhesion layer preferably occurs at reduced power 
levels and reduced bias levels to reduce heating of the 
Substrate. A metal Seed layer is then deposited on the 
adhesion layer by chemical vapor deposition or electro 
chemical deposition prior to deposition of a metal fill layer. 

In one embodiment, the barrier layer preferably comprises 
titanium, titanium nitride, tantalum, tantalum nitride, 
tungsten, tungsten nitride, and combinations thereof, and 
may be deposited by physical vapor deposition under con 
ditions that minimize agglomeration and enhance formation 
of a continuous layer. The metallization process provides for 
Stronger adhesion between refractory barrier layers and Seed 
layers of conducting metals, Such as copper, and reduces 
Voids when filling high aspect ratioS features. 

In another aspect of the invention, a method is provided 
for processing a Substrate by depositing a barrier layer on the 
Substrate, depositing a metal adhesion layer on the barrier 
layer, and depositing a Seed layer, Such as copper, on the 
adhesion layer. The method may further comprise electro 
plating a conducting metal layer, Such as copper, on the Seed 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above recited features, 
advantages and objects of the present invention are attained 
and can be understood in detail, a more particular descrip 
tion of the invention, briefly summarized above, may be had 
by reference to the embodiments thereof which are illus 
trated in the appended drawings. 

It is to be noted, however, that the appended drawings 
illustrate only typical embodiments of this invention and are 
therefore not to be considered limiting of its Scope, for the 
invention may admit to other equally effective embodi 
mentS. 

FIG. 1 is a Schematic top view of an integrated multi 
chamber apparatus Suitable for depositing a barrier layer, a 
PVD adhesion layer, and a CVD metal seed layer on a 
Semiconductor Substrate Via; 

FIG. 2 is a schematic diagram of a PVD “long throw” 
chamber Suitable for depositing the adhesion layer described 
herein; 

FIG. 3 is a schematic diagram of a PVD “standard” 
chamber Suitable for depositing an adhesion layer described 
herein; 

FIG. 4 is a Schematic diagram of a metallized Semicon 
ductor Substrate via according to the present invention 
having a metal seed layer deposited on a PVD adhesion layer 
which is deposited on a barrier layer; and 

FIG. 5 is a Schematic diagram of a metallized Semicon 
ductor Substrate via according to the present invention 
having, a barrier layer, a PVD adhesion layer, and an 
intermixed metal Seed layer and conducting metal layer 
filling the via. 
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4 
DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT 

The invention will be described below in reference to a 
physical vapor deposition (PVD) process that can be carried 
out using process equipment, Such as an Endura(E) platform, 
available from Applied Materials, Inc., located in Santa 
Clara, Calif. A similar Staged-vacuum wafer processing 
system is disclosed in U.S. Pat. No. 5,186,718, entitled 
Staged-Vacuum Wafer Processing System and Method, Tep 
man et al., issued on Feb. 16, 1993, which is incorporated 
herein by reference to the extent not inconsistent with the 
invention. 
The equipment preferably includes an integrated platform 

having an PVD chamber, such as a PVD “long throw” 
chamber or PVD “standard” chamber, both commercially 
available from Applied Material Inc. of Santa Clara, Calif. 
It is to be understood that while the below described PVD 
chamber is known to the inventors, other chambers may also 
be used or modified to be used, to advantage to accomplish 
the methods of the present invention. The metal deposition 
process described herein is preferably carried out in a 
multichamber processing apparatus or cluster tool having a 
PVD chamber capable of being operated at a pressure below 
about 1.0 Torr. 
A Schematic top view of a multichamber processing 

apparatus 135 Suitable for performing the processes 
described herein is illustrated in FIG. 1. The particular 
embodiment of the apparatus 135 shown herein is suitable 
for processing planar Substrates, Such as Semiconductor 
Substrates, and is provided to illustrate the invention, and 
should not be used to limit the scope of the invention. 
The apparatus 135 typically comprises a cluster of inter 

connected process chambers including at least one long 
throw PVD metal chamber. The apparatus 135 preferably 
includes a PVD Cu chamber 138 having a substrate to target 
spacing of at least 100 mm for depositing flash PVD Cu 
layers, and an additional PVD Cu chamber 138 for depos 
iting a PVD copper seed layer if desired. Additionally, the 
apparatus may also comprise a copper CVD chamber 136 
for depositing a CVD copper Seed layer. 
The apparatus 135 may further comprise a PVD Ta/TaN 

chamber 140 or another barrier layer chamber, two pre-clean 
chambers 142 for removing contaminants (such as PreClean 
II chambers available from Applied Materials), two degas 
chambers 144, and two load lock chambers 146. The appa 
ratus 135 has two transfer chambers 148, 150 containing 
transfer robots 149, 151, and two cooldown chambers 152 
separating the transfer chambers 148, 150. The apparatus 
135 is automated by programming a microprocessor con 
troller 154. However, the process could also be operated by 
individual chambers, or a combination of the above. 

FIG. 2 is a Schematic croSS-Sectional view of an exem 
plary long throw PVD chamber 138 used to advantage in 
depositing the adhesion metal layer according to the pro 
ceSSes described herein. A Sputtering target 264 and a 
Semiconductor Substrate 266 are contained within a 
grounded enclosure wall 260, which may be a chamber wall 
as shown or a grounded shield. The target 264 and the 
Substrate are separated by a long throw distance of at least 
about 100 mm, preferably from about 150 mm to about 190 
mm. The long throw chamber may also contain a collimator 
(not shown) between the target 264 and the substrate 266 if 
needed to provide a more uniform and Symmetrical flux of 
deposition material to each location on the Substrate 266. 

Referring still to FIG. 2, the chamber 138 generally 
includes at least one gas inlet 268 connected to a gas Source 
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(not shown) and an exhaust outlet 270 connected to an 
exhaust pump (not shown). A Substrate Support pedestal 272 
is disposed at one end of the enclosure wall 260, and the 
Sputtering target 264 is mounted to the other end of the 
enclosure wall 260. The target 264 is electrically isolated 
from the enclosure wall 260 by an insulator 274 so that a 
negative Voltage may be applied and maintained on the 
target with respect to the grounded enclosure wall 260. The 
Substrate Support pedestal 272 is also electrically isolated 
from the enclosure wall 260 by an insulator 276, so that a 
positive Voltage may be applied and maintained on the 
substrate and/or the support pedestal 272 with respect to the 
grounded enclosure wall 260. In operation, the Substrate 266 
is positioned on the Support pedestal 272 and a plasma is 
generated in the chamber 238. 

During the deposition process of the conformal PVD 
metal layer according to the present invention, a proceSS gas 
comprising a non-reactive Species Such as Ar, is charged into 
the PVD chamber 138 through the gas inlet 268 at a selected 
flow rate regulated by a mass flow controller (not shown). 
The chamber preSSure is controlled by varying the rate that 
proceSS gases are pumped through the exhaust outlet 270 
and is maintained between about 5 milliTorr and about 1 
Torr to promote deposition of continuous PVD metal layers. 
A chamber pressure between about 10 milliTorr and about 
60 milliTorr is preferably used. 
A power Source, Such as a D.C. power Supply 278, applies 

a negative Voltage to the target 264 with respect to the 
enclosure wall 260 So as to excite the gas into a plasma State. 
Ions from the plasma bombard the target 264 and sputter 
atoms and larger particles of target material from the target 
264. The particles sputtered from the target 264 travel along 
linear trajectories from the target 264, and a portion of the 
particles collide with, and deposit on, the Substrate 266. A 
bias power Source 280, Supplies a bias to the Support 
pedestal 272 to impart improved directionality of the ions as 
well as further attractions to the Substrate 266 to enhance 
deposition of material in Structures formed on the Substrate. 
Abackside gas Source 281 connected to the Support pedestal 
272 and provides a gas for flowing around the Substrate 266 
to provide a convective medium to cool the proceSS gas 
during deposition of the adhesion layer. 
A conventional magnetron Sputtering Source employs a 

rotating magnet 282 above the target 264 to trap electrons 
adjacent the target and thereby increase the concentration of 
plasma ions adjacent to the Sputtering Surface of the target 
266. Rotation of the magnetron 282 during sputtering of the 
target 264 results in a radially Symmetric target erosion 
profile. 

FIG. 3 is a Schematic croSS-Sectional view of an alterna 
tive PVD chamber 138 suitable for performing a PVD 
deposition process of the present invention. The chamber 
138 generally includes a grounded enclosure wall 384, 
having at least one gas inlet 386 and an exhaust outlet 388 
connected to an exhaust pump (not shown). A PVD target 
389 is isolated from the grounded enclosure wall 384 by an 
insulator 390. The PVD target 389 provides a sputtering 
surface 392 for depositing material on a substrate 393 
positioned on a Support member, Such as a moveable ped 
estal 394. The pedestal 394 includes a generally planar 
surface 395 having positioning pins 396 for receiving the 
substrate 393 thereon. A negative voltage may be maintained 
on the target 389 with respect to the grounded enclosure wall 
384 by a DC power source 395. 
A lift pin mechanism 397 raises and lowers the substrate 

393 with respect to the pedestal 394 while the pedestal is in 
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6 
a retracted position. The pedestal 394 extends to place the 
substrate 393 adjacent the target during deposition of metal 
layers such as aluminum. The pedestal 394 can be heated or 
cooled to control the Substrate temperature. A backside gas 
Source 381 connected to the support pedestal 372 provides 
for a gas flowing around the substrate 366 to provide a 
convective medium to cool the proceSS gas during deposi 
tion of the adhesion layer. 

In one embodiment, the invention provides improved 
adhesion between conformal barrier layers and Seed layers 
by the physical vapor deposition of a continuous or Semi 
continuous adhesion layer of a PVD metal, also called a 
flash layer, on the barrier layer prior to depositing a Seed 
layer on the adhesion layer. The barrier layer is first depos 
ited to prevent the diffusion of conductive metals, Such as 
copper, into adjacent dielectric materials which can detri 
mentally affect the electrical properties of adjacent 
materials, and in Some instances cause electrical Shorts to 
occur which can result in device failure. The metal Seed 
layer promotes Void-free filling of the via or Substrate 
feature in conjunction with a further deposited conducting 
metal layer. The metal Seed layer is typically copper depos 
ited by CVD deposition techniques, or even electro 
chemical deposition techniques. 

Another embodiment of the invention provides for met 
allization of a Substrate feature including the Sequential Steps 
of depositing a barrier layer on the Substrate Surface by 
conventional means known in the art, depositing a continu 
ouS or Semi-continuous layer of a non-agglomerating metal, 
preferably copper, by PVD in an ionized PVD process, 
depositing a Seed layer, preferably copper, in a CVD cham 
ber to avoid the formation of voids, and electro-chemical 
depositing copper to fill the feature. 

Referring now to FIG. 4, a Schematic diagram of one 
embodiment of the invention described herein with a Sub 
Strate having a patterned dielectric layer 412 formed thereon 
is shown. The dielectric layer 412 has a via 414 having a 
high aspect ratio, i.e., a high ratio of Via depth to via width, 
of about three (3), but the present invention may be benefi 
cial in cooperation with Vias having any aspect ratio. 

Abarrier layer 416 is deposited directly onto the substrate 
covering all Surfaces or Substantially all Surfaces of the 
dielectric layer 412 including the walls 418 and floor 420 of 
via 414. The barrier layer 416 comprises titanium (Ti), 
titanium nitride (TiN), tantalum (Ta), tantalum nitride 
(TaN), tungsten (W), tungsten nitride (WN), and combi 
nations thereof layer. Preferred barrier materials for copper 
metallization processes are Ta and TaN, which typically are 
deposited by a PVD process. PVD Ta and/or PVD TaN are 
used for barrier layer 416. In the embodiment described 
herein, barrier layer 416 comprises tantalum. The barrier 
layer 416 is deposited to form a continuous or Substantially 
continuous cap over the dielectric layer 412 and may be 
treated with nitrogen to improve barrier properties or adhe 
Sion to adjacent layers. Following deposition of the barrier 
layer 412, a post deposition Step can be applied prior to 
deposition of adhesion or metal Seed layers. Typically, 
chemical cleaning, plasma cleaning, and ion cleaning, can 
be used to modify barrier Surfaces to enhance deposition of 
metal layers, Such as copper, and reduce delamination. 
An adhesion metal layer 421 is then deposited continu 

ously over the barrier layer 416. Barrier layers can oxidize 
during deposition due to high temperatures, which can result 
in layers that have poor interface adhesion with Subse 
quently deposited metal layerS Such as copper. An adhesion 
layer 421, usually a barrier material with good adhesion 
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properties, is deposited to provide improved adhesion 
between the barrier layer 416 and Subsequently deposited 
layers, Such as metal Seed layerS or metal fill layers. 

The adhesion layer 421 is deposited on the barrier layer 
comprises a material Selected from a group of copper (Cu), 
platinum (Pt), gold (Au), nickel (Ni) molybdenum (Mo), and 
tungsten (W). Preferably, the adhesion layer comprises 
materials that do not oxidize easily. The adhesion metal 
layer is preferably copper for copper metallization pro 
cesses. The adhesion layer is deposited by a PVD deposition 
technique, which includes ionized metal plasma (IMP) PVD, 
standard PVD, collimated PVD, or long-throw PVD tech 
niques. The selected metals are deposited under PVD con 
ditions that reduce oxidation to prevent agglomeration of the 
metal Seed layer, caused by delamination from the barrier 
layer. Effective deposition of the adhesion layer under 
conditions that reduce oxidation to prevent agglomeration of 
the metal Seed layer occurs when the Substrate is cooled to 
less than about 450° C., preferably less than about 250 C., 
and most preferably at temperatures less than 0° C., Such as 
by Supplying a backside cooling gas to the Substrate. Effec 
tive deposition can also occur when reduced power to 
generate a plasma is provided to the PVD chamber at a 
power level of less than about 10000 Watts, preferably 
between about 2500 watts and about 5000 watts. Effective 
deposition may also occur when the PVD chamber pressure 
is increased up to about 1 Torr to reduce ion bombardment, 
preferably at a chamber pressure between about 10 and 
about 60 milliTorr. The PVD process may occur in any 
suitable PVD chamber including ionized metal plasma 
(IMP) or collimated source chambers in addition to the 
long throw and Standard physical vapor deposition chambers 
as described above and shown in FIGS. 2 and 3. A conformal 
CVD or electro-chemical seed layer 422, preferably copper, 
is deposited on the adhesion metal layer 421 to a desired 
thickness not to exceed the thickness which would Seal the 
top of the contact or Via. 

In one embodiment, the barrier layer 416 may also be 
deposited under conditions that reduce oxidation and pre 
vent agglomeration. Under Such conditions, the barrier layer 
416 is deposited by delivering power to a PVD chamber at 
a power level of less than about 10000 watts, preferably 
between about 2500 watts and about 5000 watts, where the 
PVD chamber is maintained at pressure of less than about 1 
Torr, preferably between about 10 milliTorr and about 60 
milliTorr and the Substrate is maintained at a temperature of 
less than about 450° C., preferably less than about 250 C., 
and most preferably at temperatures less than 0° C. 

Referring now to FIG. 5, the via 414 is filled by electro 
chemical deposition of a metal layer 423, Such as copper, 
deposited on the seed layer 422 of FIG. 4. A voidless fill 424 
will result from electro-chemical deposition of a metal layer 
423 onto the seed layer 422. After the fill of the feature, the 
top surface 426 of the fill 424 may be substantially pla 
narized Such as by chemical/mechanical polishing. 

The deposition of layers with agglomeration described 
above is primarily dependent upon the temperature during 
deposition. High temperatures during deposition can cause 
oxidation of barrier and adhesion layers. Oxidation of these 
layers are believed to lead to dewetting of PVD and CVD 
copper and typically less than desirable interface properties 
which can result in low adhesion Strength, electrical con 
tacts, and microVoids. Control of the deposition temperature 
will result in better coverage of high aspect ratio features. 

Primarily, the temperatures attained during deposition are 
asSociated with Substrate heating during deposition, Specifi 
cally by plasma heating, ion bombardment, and bias powers 
applied during the deposition process. The ion bombardment 
and the bias powers applied effect the kinetic energy of the 
depositing Species, which is converted to heat after nucle 
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8 
ation. Therefore, the temperature of the growing film can be 
controlled by varying the Substrate temperatures, process 
preSSures, the applied power to the target during PVD 
deposition, and also the applied bias power. 

Accordingly, the invention described herein seeks to 
control the temperature of the deposition process. The PVD 
process chamber preferably contains a Substrate pedestal 
cooling mechanism that will allow the Substrate pedestal to 
be cooled to less than 0° C. Additionally, the substrate 
pedestal comprises a backside gas Source connected to the 
pedestal providing a gas which flows around the Substrate to 
provide a convective medium to cool the process gas during 
deposition of the adhesion layer. The cooling mechanisms 
allow for effective deposition of the adhesion layer occurs 
when the Substrate is cooled to less than about 450 C., 
preferably less than about 250 C., and most preferably less 
than about 0° C. The deposition process operates with a 
process pressure as high as about 1 Torr, preferably between 
about 10 milliTorr and about 60 milliTorr. With higher 
preSSure, the mean free path for collisions is decreased 
which results in reducing ion bombardment and lower 
temperatures. 
The applied power to the deposition proceSS is reduced 

from a typical operating power of less than about 10000 
Watts, preferably between about 2500 Watts and about 5000 
Watts during deposition. A lower applied power results in 
better Step coverage as the collisions between the produced 
Sputter Species is reduced to provide a more vertical depo 
sition. Finally, the PVD chamber may be a long throw PVD 
or Similar chamber which allows greater distance between 
the Substrate and Substrate target to allow further cooling 
prior to deposition. 
While foregoing is directed to the preferred embodiment 

of the present invention, other and further embodiments of 
the invention may be devised without departing from the 
basic Scope thereof, and the Scope thereof is determined by 
the claims that follow. 
What is claimed is: 
1. A method of controlling agglomeration on a Substrate, 

comprising: 
depositing a barrier layer on the Substrate; 
depositing an adhesion promoting layer on the barrier 

layer by physical vapor deposition while maintaining a 
Substrate temperature of less than about room 
temperature, wherein the adhesion promoting layer is a 
metal Selected from the group consisting of copper, 
platinum, gold, nickel, molybdenum, tungsten, and 
combinations thereof; and 

depositing a metal Seed layer on the adhesion promoting 
layer. 

2. The method of claim 1, wherein the adhesion promot 
ing layer is deposited by physical vapor deposition at a 
power level of less than about 10,000 Watts. 

3. The method of claim 2, wherein the adhesion promot 
ing layer is deposited at a power level between about 2,500 
Watts and about 5,000 Watts. 

4. The method of claim 1, wherein the metal seed layer is 
deposited by chemical vapor deposition or electrochemical 
deposition. 

5. The method of claim 1, wherein the metal seed layer 
comprises copper. 

6. The method of claim 1, wherein the adhesion promot 
ing layer is deposited by physical vapor deposition at a 
pressure of between about 10 milliTorr to about 60 milliTorr. 

7. The method of claim 1, wherein the substrate tempera 
ture is between about -40° C. and about 0° C. 

8. A method of controlling agglomeration during process 
ing a Substrate, comprising: 
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depositing a barrier layer on the Substrate; 
depositing an adhesion promoting layer on the barrier 

layer by physical vapor deposition at processing con 
ditions that minimize agglomeration of the adhesion 
promoting layer, including depositing the adhesion 
promoting layer at a Substrate temperature of less than 
about 0° C.; and 

depositing a metal Seed layer on the adhesion promoting 
layer. 

9. The method of claim 8, wherein the barrier layer is a 
metal Selected from the group of titanium, titanium nitride, 
tantalum, tantalum nitride, tungsten, tungsten nitride, and 
combinations thereof. 

10. The method of claim 8, wherein the barrier layer is 
deposited by Sputtering a target in a physical vapor deposi 
tion chamber having a pressure of between about 10 milli 
Torr to about 60 milliTorr at a power level of between about 
1,000 Watts and about 5,000 Watts and a substrate tempera 
ture of less than about 250 C. 

11. The method of claim 8, wherein the adhesion promot 
ing layer is deposited by physical vapor deposition at a 
power level of less than about 10,000 Watts. 

12. The method of claim 8, wherein the adhesion pro 
moting layer is deposited at a pressure of less than about 1 
Torr. 

13. The method of claim 8, wherein the adhesion pro 
moting layer is a metal Selected from the group consisting of 
copper, platinum, gold, nickel, molybdenum, tungsten, and 
combinations thereof. 

14. The method of claim 8, wherein the adhesion pro 
moting layer is deposited by Sputtering a target in a physical 
Vapor deposition chamber having a pressure of between 
about 10 milliTorr to about 60 milliTorr and at a power level 
of between about 1,000 Watts and about 5,000 Watts. 

15. The method of claim 8, further comprising depositing 
a conducting metal layer on the metal Seed layer. 

16. The method of claim 15, wherein the metal seed layer 
comprises copper deposited by chemical vapor deposition or 
electrochemical deposition, and the conducting metal layer 
comprises copper and is deposited by an electroplating 
technique. 

17. The method of processing a Substrate, comprising: 
depositing a barrier layer on the Substrate; 
depositing an adhesion promoting layer on the barrier 

layer by physical vapor deposition at processing con 
ditions comprising a Substrate temperature of less than 
about room temperature, at a pressure of between about 
10 milliTorr to about 60 milliTorr, and at a power level 
of between about 1,000 Watts and about 5,000 Watts; 

depositing a copper Seed layer on the adhesion promoting 
layer by chemical vapor deposition or electrochemical 
deposition; and 

depositing a copper metal layer on the copper Seed layer 
by an electroplating technique. 

18. The method of claim 17, wherein the barrier layer is 
a metal Selected from the group of titanium, titanium nitride, 
tantalum, tantalum nitride, tungsten, tungsten nitride, and 
combinations thereof. 

19. The method of claim 17, wherein the barrier layer is 
deposited by Sputtering a target in a physical vapor deposi 
tion chamber having a pressure of between about 10 milli 
Torr to about 60 milliTorr at a power level of between about 
1,000 Watts and about 5,000 Watts and a substrate tempera 
ture of less than about 0° C. 

20. The method of claim 17, wherein the adhesion pro 
moting layer is a metal Selected from the group consisting of 
copper, platinum, gold, nickel, molybdenum, tungsten, and 
combinations thereof. 
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21. A method of processing a Substrate, comprising: 
depositing a barrier layer material on the Substrate to 

promote adhesion to the Substrate while maintaining a 
Substrate temperature of less than about room 
temperature, wherein the barrier layer material is 
Selected from the group consisting of copper (Cu), 
platinum (Pt), gold (Au), nickel (Ni), molybdenum 
(Mo), and tungsten (W). 

22. The method of claim 21, wherein the barrier layer 
material is deposited by physical vapor deposition. 

23. The method of claim 21, wherein the barrier layer 
material is deposited at a power level of between about 
2,500 Watts and about 5,000 Watts. 

24. The method of claim 21, wherein the barrier layer 
material is deposited at a pressure of between about 10 
milliTorr to about 60 milliTorr. 

25. The method of claim 21, further comprising deposit 
ing a conductive metal layer on the barrier layer material. 

26. The method of claim 25, wherein the conductive metal 
layer comprises copper. 

27. A method of processing a Substrate, comprising: 
depositing an adhesion promoting layer on the Substrate 

by physical vapor deposition while maintaining a Sub 
Strate temperature of less than about room temperature, 
wherein the adhesion promoting layer is a metal 
Selected from the group consisting of copper, platinum, 
gold, nickel, molybdenum, tungsten, and combinations 
thereof. 

28. The method of claim 27, wherein the Substrate tem 
perature is between about -40° C. and about 0° C. 

29. The method of claim 27, wherein the adhesion pro 
moting layer is deposited at a power level between about 
2,500 Watts and about 5,000 Watts. 

30. The method of claim 27, wherein the adhesion pro 
moting layer is deposited at a pressure of between about 10 
milli Torr to about 60 milli Torr. 

31. The method of claim 27, further comprises depositing 
a conductive metal layer on the adhesion promoting layer. 

32. The method of claim 27, wherein the conductive metal 
layer comprises copper. 

33. A method of processing a Substrate, comprising: 
depositing a barrier layer on the Substrate; and 
depositing an adhesion promoting layer on the barrier 

layer while maintaining a Substrate temperature of leSS 
than about room temperature, wherein the adhesion 
promoting layer is Selected from the group consisting 
of copper (Cu), platinum (Pt), gold (Au), nickel (Ni), 
molybdenum (Mo), and tungsten (W). 

34. The method of claim 33, wherein the adhesion pro 
moting layer is deposited by physical vapor deposition. 

35. The method of claim 33, wherein the adhesion pro 
moting layer is deposited at a power level between about 
2,500 Watts and about 5,000 Watts. 

36. The method of claim 33, wherein the adhesion pro 
moting layer is deposited at a pressure of between about 10 
milliTorr to about 60 milliTorr. 

37. The method of claim 33, further comprises depositing 
a metal Seed layer on the adhesion promoting layer. 

38. The method of claim 37, wherein the metal seed layer 
is deposited by chemical vapor deposition, physical vapor 
deposition, and electroplating. 

39. The method of claim 37, wherein the metal seed layer 
is deposited by metal-organic chemical vapor deposition. 

40. The method of claim 37, wherein the metal seed layer 
comprises copper. 

41. The method of claim 33, further comprises depositing 
a conductive metal layer on the adhesion promoting layer. 

42. The method of claim 41, wherein the conductive metal 
layer comprises copper. 
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